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ABSTRACT 



An optical recording/reproducing apparatus comprises 
a semiconductor laser, and a drive circuit for supplying 
a drive current to the semiconductor laser. A light beam 
from the semiconductor laser is converged on a record- 
ing medium through an objective lens. A photodiode 
for receiving the light beam is provided within the 
semiconductor laser. A monitor output from the photo- 
diode is input to an APC circuit. The APC circuit in- 
cludes a reference value generator and an error detector 
circuit. The error detector circuit detects a difference 
between the monitor output and a reference value, and 
outputs a control signal for controlling the drive circuit 
so as to keep the monitor output constant. The APC 
circuit is turned on/off by a controller. With the APC 
circuit turned on, the controller detects the temperature 
or temperature variance of the on the basis of the drive 
current monitor signal from the drive circuit and the 
pre-stored data of the semiconductor laser with respect 
to temperatures. With the APC circuit turned off. the 
semiconductor laser is supplied with a constant drive 
current from the drive circuit. The value of the drive 
current is set by the controller on the basis of the tem- 
perature detected just before the APC circuit is turned 
off and the pre-stored data on the characteristic of the 
semiconductor laser with respect to temperatures. 

1 Claim, 2 Drawing Sheets 
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OPTICAL RECORDING/REPRODUCING 
APPARATUS INCLUDING BOTH AUTOMATIC 
POWER CONTROL AND TEMPERATURE-BASED 

DRIVE CURRENT CONTROL 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical recording- 
/reproducing apparatus using a semiconductor laser. 

2. Description of the Related Art 

Optical recording/reproducing apparatuses include 
an apparatus for recording information on an optical 
recording medium by radiating a light beam emitted 
from a semiconductor laser onto the recording medium, 
an apparatus for reproducing information recorded on a 
recording medium, and an apparatus having both func- 
tions of recording and reproducing information. 

In general^ in a semiconductor laser, a threshold cur- 
rent Ith at which a light output from the laser rises 20 
abruptly is increased in accordance with the rise of 
temperature, on the basis of the following equation: 

/iA=*exp (Ti/To) 

25 

where k is a constant, a T/is a virtual junction tempera- 
ture, and To is a constant called "characteristic tempera- 
ture" which is about 50' to 200 [" K]. In addition, in a 
region (oscillation region) where a drive current is 
higher than a threshold current, the variance degree 30 
(differential efficiency) of the light output in relation to 
the variance degree of current depends on tempera- 
tures. FIG. 3 is a graph showing the relationship be- 
tween a drive current and a light output of a semicon- 
ductor laser. FIG. 3 shows two curves representing 35 
operation characteristics at different temperatures Ti 
and T2 (Ti<T2) and threshold currents IfAi and hhi of 
the corresponding operation characteristics. Because of 
this characteristic, even if the variance of drive current 
due to a temperature at a certain light output is cor- 40 
reeled by an AFC (Automatic Power Control) opera- 
tion and thereafter constant-current drive is carried out 
in order to obtain a light output different from the light 
output obtained at the APC operation time, a desirable 
light output cannot be obtained owing to a variance in 45 
differential efficiency with respect to temperature. Con- 
sequently, the intensity of light beam radiated on a re- 
cording medium is varied. 

Published Unexamined Japanese Patent Application 
(PUJPA) No. 1-196733, for example, discloses a prior 50 
art technique for solving the above problem. According 
to this technique, a drive current for a semiconductor 
laser is controlled by a signal from temperature detect- 
ing means for detecting the temperature within a drive 
unit, thereby controlling the intensity of a light beam 55 
radiated on the recording medium. This temperature 
control method will now be described with reference to 
FIG. 4. A divergent light beam emitted from a semicon- 
ductor laser I is changed to a parallel beam through a 
collimator lens 2. The parallel beam is converted 60 
through an objective lens 3. Thus, a beam spot 8 forms 
on an information recording surface of an optical re- 
cording medium 4 such as an optical card or an optical 
disc. A temperature sensor 6 senses a temperature 
within the drive unit. Detected data on temperature is 65 
sent to a controller 7. On the basis of the pre-set data on 
the relationship between the temperature within the 
drive unit and the intensity of light beam, the controller 
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7 generates a control signal for driving a semiconductor 
laser drive circuit 5. Upon receiving the control signal, 
the semiconductor hiser drive circuit 5 supplies the 
semiconductor laser 1 with a constant current for en- 
abling the laser 1 to output a light beam with an optimal 
intensity in relation to the present temperature within 
the drive unit. This sequence of operations are con- 
stantly carried out to keep the optimal intensity of the 
light beam of the semiconductor laser 1 in relation to 
the temperature within the drive imit. 

According to this method, since the temperature 
within the drive unit is detected, the temperature vari- 
ance of the semiconductor laser due to the temperature 
variance within the drive unit can be corrected. How- 
ever, the time constant of the thermal diffusion in the 
drive unit is greater than that of the temperature vari- 
ance of the semiconductor laser itself. Thus, this 
method cannot correct a temperature variance occur- 
ring within the semiconductor laser in a relatively short 
time period after a high-output driving operation such 
as a recording operation. As a result, the intensity of a 
light beam radiated on a recording medium varies. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
optica] recording/reproducing apparatus wherein the 
intensity of light beam is always kept at an optimal value 
even if the temperature of a semiconductor laser is var- 
ied. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob- 
tained by means of the instrumentalities and combina- 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawing, which is incorporated 
in and constitutes a part of the specification, illustrates a 
presently preferred embodiment of the invention and, 
together with the general description given above and 
the detailed description of the preferred embodiment 
given below, serves to explain the principles of the 
invention. 

FIG. 1 shows an optical recording/reproducing ap- 
paratus according to an embodiment of the present 
invention; 

FIG. 2 is a graph showing the relationship between a 
drive current and a semiconductor laser temperature in 
relation to a constant output; 

FIG. 3 is a graph showing the operation characteris- 
tic of a semiconductor laser; and 

FIG. 4 shows an example of a conventional optical 
recording/reproducing apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As is shown in FIG. 1, a divergent beam from a semi- 
conductor laser 1 is changed to a parallel beam through 
a collimator lens 2. The parallel beam is converged 
through an objective lens 3, thereby forming a beam 
spot 8 on an information recording surface of an optical 
recording medium 4. A temperature sensor 6 senses the 
temperature within an optical recording/reproducing 
apparatus, and delivers an apparatus-inside temperature 
signal to a control unit la of a controller 7. 



03/16/2004, EAST Version: 1.4.1 



5,233,; 

3 

The semiconductor laser 1 includes a monitor photo- 
diode 9 for receiving a rear emission beam on the rear 
side of a semiconductor laser chip. A monitor output 20 
from the monitor photodiode 9 is sent to an APC circuit 
10. The APC circuit 10 includes an error detector lOa 5 
and a reference value generator 106 for generating a 
preset reference value 22. The APC circuit 10 turns 
on/off the APC operation in accordance with an APC 
control signal 21 from the control unit la of the control- 
ler 7. 10 

With the APC operation turned on, the error detec- 
tor lOfl compares the monitor output 20 and the refer- 
ence value 22, and outputs an error signal 23 to a semi- 
conductor laser drive circuit 5. In accordance with the 
error signal 23, the drive circuit 5 controls (increases/- 
decreases) a drive current 30 to the semiconductor laser 
1. Accordingly, the drive current 30 is negative-feed- 
back controlled so as to keep the monitor output 20 
constant, and, even if a temperature variance occurs, 
the light output of the semiconductor laser is kept con- 
stant. 

With the APC operation turned off, the error detec- 
tor lOfl of the APC circuit 10 stops the generation of the 
error signal 23. Thus, the semiconductor laser drive 
circuit 5 generates drive current 30 corresponding to a 
drive current control signal 25 output from the control 
unit la of controller 7, thereby controlling the semicon- 
ductor laser 1 with a constant current. 

While the information recorded on the recording 
medium is reproduced, the APC operation is carried out 
and thereby the light output from the semiconductor 
laser 1 is kept constant even if temperature variance 
occurs, as stated above. However, the drive current 30 
for the semiconductor laser 1 varies in accordance with 35 
heat of the semiconductor laser 1 and a temperature 
variance of the semiconductor laser 1 due to a tempera- 
ture in the apparatus. The variance of the drive current 
30 is told to the control unit la of controller 7 by a drive 
current monitor signal 24. The controller 7 comprises 4^ 
the control unit la for carrying out signal input/output 
and signal processing, and a data storage unit lb which 
stores in advance the data on the relationship between 
the drive current and semiconductor laser temperature, 
as shown in FIG. 2. The control unit la detects the 45 
temperature or temperature variance of the semicon- 
ductor laser on the basis of the variance of the drive 
current monitor signal 24, by referring to the data 
stored in the data storage unit lb. 

For example, in FIG. 2, when the drive current 50 
changes from IrqXo Iru the variance of temperature of 
the semiconductor laser from To to Ti can be detected 
since the light output at the reproducing time is kept 
constant by the APC operation. 

At the time of recording information on the record- 55 
ing medium, the light output of the semiconductor laser 
is modulated at intervals shorter than the time constant 
of the APC operation. Thus, the APC operation is 
turned off, and the drive current is directly modulated. 
Accordingly, the operation mode of the semiconductor 60 
laser 1 is switched to the constant-current drive mode. 
In this case, the control unit la of controller 7 obtain? 
the drive current by referring to the data of light output 
at the recording time in the data storage unit lb, on the 
basis of the temperature of the semiconductor laser 65 
detected just before the APC operation is turned off and 
the operation mode is switched to the constant current 
drive mode. 
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In FIG. 2, for example, the controller 7 detects tem- 
perature Ti of the semiconductor laser on the basis of 
the light output data at the reproducing time, if the 
drive current at the reproducing time just before re- 
cording is Ir\ at first. Accordingly, the controller 7 
determines that the optimal value of the drive current at 
the recording time is Iwi at temperature Ti on the basis 
of the light output data at the recording time, and the 
controller 7 outputs the drive current control signal 25 
to the semiconductor laser drive circuit 5 so as to set the 
drive current 30 at value Iwh In addition, when the 
temperature of the semiconductor laser rises to T2 at the 
recording time, the APC operation is turned on at the 
reproducing time just after the recording, the drive 
current 30 of a value Iri, which enables a constant light 
output to be generated at temperature T2, is supplied to 
the semiconductor laser. Thus, the control unit la de- 
tects that the temperature is T2 on the basis of the drive 
current monitor signal 24 and the light output data in 
the data storage unit lb at the reproducing time. If the 
recording is effected thereafter once again, the control 
unit la finds an optimal value of the drive current on the 
basis of the detected temperature T2 the light output 
data at the recording time stored in the dau storage unit 
lb, and outputs the drive current control signal 25 to set 
the drive current 30 at Iw2- 

As has been described above, even in the case where 
the recording and reproducing are repeated at short 
cycles, an abrupt temperature change of the semicon- 
ductor laser due to a high hght output at the recording 
time is detected at the subsequent reproducing time. In 
the next recording time, the drive current set value is 
controlled to provide an optimal light beam intensity. 

The present invention is not limited to the above 
embodiment, and various changes and modifications 
may be made without departing from the spirit of the 
present invention. For example, in the above embodi- 
ment, the output of the monitor photodiode provided 
within the semiconductor laser is employed for APC 
drive of the semiconductor laser; however, it is possible 
to provide a photodetector midway along a light pas- 
sage between the semiconductor diode and the record- 
ing medium, and utilize the output of the photodetector 
for the APC drive. It is also possible to change the drive 
current set value at the constant-current drive mode 
when the temperature variance degree in the APC 
drive mode exceeds a predetermined value, and to cut 
off the drive current to prevent thermal destruction of 
the semiconductor laser when the temperature in the 
APC drive mode exceeds a predetermined value. Obvi- 
ously, the present invention is applicable irrespective of 
the method of information recording (e.g. **non-crasa- 
ble" method, photo-clectro-magnetic recording 
method, phase-shif^ method, etc.) and the type of the 
recordiag medium (a card type medium, disc type me- 
dium, tape type medium, etc.). 

What is claimed is: 

1. An optical recording/reproducing apparatus 
wherein a light beam is radiated on a recording medium 
to thereby effect information recording/reproducing, 
said apparatus comprising: 
a semiconductor laser for generating the light beam; 
radiation means for radiating the hght beam onto the 

recording medium; 
drive means for supplying a drive current to the semi- 
conductor laser, thereby driving the semiconduc- 
tor laser, the drive means comprising: 
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first drive means for driving the semiconductor 
laser with the drive current so as to keep an 
output value of the light beam generated by the 
semiconductor laser constant; and 
second drive means for controlling the drive cur- 5 
rent such that the drive current has a constant 
value, the constant value drive current being 
supplied to the semiconductor laser by said sec- 
ond drive means; 
said first drive means comprising: 10 
first detection means for detecting the output 
value of the light beam generated by the semi- . 
conductor laser; 
reference value generating means for generating 

a reference value signal; and 15 
means for comparing an output signal from the 
first detection means with the reference value 
signal and for controlling the drive current 
supplied to the semiconductor laser so as to 
reduce a difierence between the output signal 20 
from the first detection means and the refer- 
ence value signal, to zero; 
control means for controlling the first and second 
drive means, said control means comprising: 



switch means, responsive to the control means, for 
switching one of the first drive means and the 
second drive means to the semiconductor laser, 
so that one of the output value of the light beam 
generated by the semiconductor laser and the 
drive current supplied by the second drive means 
to the semiconductor laser, is kept constant; 

a data storage unit for storing data relating to ia 
drive current characteristic of the semiconduc- 
tor laser with respect to a plurality of tempera- 
tures; 

second detection means for monitoring a value of 
the drive current supplied from the first drive 
means to the semiconductor laser and for detect- 
ing a temperature of the semiconductor laser on 
the basis of the data stored in the data storage 
unit relating to the drive current characteristic of 
the semiconductor laser with respect to the plu- 
rality of temperatures; and 

a control unit for setting a value of the drive cur- 
rent supplied from the second drive means to the 
semiconductor laser, on the basis of the tempera- 
ture detected by the second detection means. 
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